Volumes de hematomas em hemorragias intracerebrais espontâneas: o método da elipse (ABC/2) produziu volumes inferiores do que aqueles determinados pelo método planimétrico Intracranial hypertension is considered the main reason for surgical indication in subjects with ICH, especially in cases in which there is a progressive neurological deterioration 5, 6 . The 
hemorrhage size, ventricular extension and expansion of the hematoma, along with altered level of consciousness, are decisive factors in the evolution of patients 7, 8 . An increase in the ICH volume is a major contributor to poor prognosis, especially when it occurs early on, since it indicates neurological deterioration [9] [10] [11] [12] [13] [14] . Given the importance of measuring accurately the hemorrhage lesion volume in properly determining patient prognosis, the aim of this study was to compare two methods that are currently used for determining spontaneous hemorrhage volume: the ellipsoid (or ABC/2), and the planimetric.
METHODS
This was a retrospective study, carried out from October 2007 to January 2008, approved by the Ethics and Research Committee of the Pontifical Catholic University of Paraná, in Curitiba, Paraná, Brazil.
The hematoma volumes of spontaneous ICH, using patients in the acute phase, were measured by two different methods (ABC/2 and the planimetric method) of computed tomography (CT) scans, obtained by volumetric acquisition in a Somaton ® equipment (Siemens, Erlangen, Germany). The field of view (FOV) was selected at the time of examination according to patient' s characteristics (weight and position) with a pitch of 1:1 and 3 mm thick cuts. Further reconstructions to 1 mm were made to all cuts.
Four independent raters evaluated the CT scans of 20 patients with spontaneous ICH, including five cases of posterior fossa and 15 of supratentorial hemorrhage. Bleeding was observed in 83 CT slices. Two measurements were made for each method (ABC/2 and planimetric) in two independent sessions, with at least a two-day interval. Volume measurements using the ABC/2 method were performed using DicomViewer ® software (DicomWorks, Limoges, France). The images were transferred as DICOM files, and the tomography slices showing the hemorrhage were individually assessed. The slice with the largest area of hematoma was chosen for the measurements. Measure A corresponds to the greatest diameter of hemorrhage; B to the largest perpendicular diameter to A; whereas C was the sum of the thickness of slices containing the hemorrhage (Fig 1A) . For the sum of the slice thickness (C), one was excluded if the hematoma area was smaller than 25% of the larger obtained place. Half of the slice thickness was taking into consideration if the measured area were between 25 to 75% when compared to the largest one, as proposed by Kothari et al. 15 . Values for A, B, and C were then multiplied, and the final result was divided by two, which was expressed in cm 3 . Each observer performed two independent measurements using the ABC/2 method, with at least a two-day interval.
The planimetric measurements were performed using the planning station of BrainLab ® neuronavigation equipment. The DICOM files of the CT images were transferred to the workstation using PatXFer ® 2.0 and exported to Iplan ® 2.6 Cranial software (BrainLab, Munich, Germany), a component of the utilities' package used for planning navigation. Hemorrhage edges were individually determined for each slice using the available software tools (brush and smartbrush), as seen in Fig 1B. This software calculates the total hemorrhage volume, expressed in cm 3 . The volumes obtained using the two methods were compared using Student's t-test for dependent samples, and the correlation between them was estimated using Pearson' s correlation coefficient and tested for its major significance. The method error was determined, and the results were compared for inter-and intraobserver measurements using the variance model. The intraobserver error was determined by averaging the values obtained from each observer using both measurement methods (ABC/2 and planimetric method). The interobserver error was calculated applying the differences between the average values for every two observers, for the ABC/2 and planimetric methods.
RESULTS
There was a significant difference in the average volumes obtained using both methods, the absolute difference being 2.24 cm 3 . The average measurement obtained with ABC/2 method was 14.9% lower than that obtained with the planimetric one. Table 1 and maximum values, which ranged from 25 to 75% of data. However, a good correlation between both methodologies can be observed as showed by Pearson's correlation coefficient, in the two methods (r=0.984; p<0.001), as seen in Fig 3. The intraobserver error is listed in Table 2 for ABC/2 method and in Table 3 for the planimetric.
The interobserver error was calculated using the differences between the average values for every two observers. Table 4 shows the results for ABC/2 and Table 5 for the planimetric method.
DISCUSSION
The ABC/2 method provides an estimated value of the spontaneous ICH volume. Although several studies validate this method for clinical purposes [16] [17] [18] [19] [20] [21] , it is considered to be the most effective for measuring ICH that have a rounded or elliptical shape 20 , as opposed to irregularly-shaped hemorrhages, which are in fact more common among patients who take anticoagulants 19 . In a previous study, Gebel et al. 20 used both methods (ABC/2 and planimetric) to compare volumes of intracerebral and subdural hematomas, and they found a good correlation between the two methods. However, these authors used different CT scan acquisition parameters. In another study, Kothari et al. 15 reported that, compared to the planimetric method, ABC/2 overestimates volumes by 1.5 (±1.3) cm 3 . This tendency was also observed by Gebel et al. 20 . According to these authors, this overestimation appears to be correlated with lesion location, being more pronounced in brainstem, cerebellar, and lobar hemorrhages. The observed inaccuracy, in terms of variability between observers, obeys the same sequence. These studies also suggest an overestimation from 5 to 10% even for regular-shaped hemorrhages.
Yet, another study by Huttner et al. 19 , compared the two measurement techniques, for ICH secondary to the use of oral anticoagulants, which, relative to spontaneous hemorrhages, are more often irregular in shape, as mentioned. They did not observe a statistically significant difference between the two methods; however, they found an overestimation by the ABC/2 method of 6.68% (±3.01) for regular (rounded or elliptical) hematomas, 14.85% (±4.95) for irregular ones, and 32.11% (±10.28) for multinodular or separate 19 . A recent study by Freeman et al. 16 , by contrast, found that the ABC/2 technique underestimated the volume in four out of five ICH, and one case of subdural hematoma. For elliptic hemorrhages, there was a difference of 24% between the two methods, and another of 28% for other hematomas; the absolute average difference was of 6.7 and 38 cm 3 , respectively 16 . Our findings are similar to those reported by Freeman et al. 16 -ABC/2 method resulted in an underestimation of volume when compared to the planimetric. It should be noted, however, that we did not classify our images as regular or irregular. Our study also suggests that the planimetric method is more precise, accurately measuring the hematoma area in a given slice and using the known slice thickness to determine volume.
When using ABC/2, Kothari et al. recommended excluding slice thickness if the area of hematoma in a given slice were smaller than 25% of the larger obtained, or taking into consideration only half of the slice thickness if the area were measured from 25 to 75% when compared to the largest one 15 . The fact that we adopted this rule for calculating the volume using the ABC/2 method may explain the underestimation of the hematoma volume in the current study.
Herein, we evaluated the systematic error in volume measurement by the ABC/2 and planimetric methods through comparing the average differences, which were determined for varied measurements obtained by the same researcher (intraobserver -Tables 2 and 4 ) and for those determined by different researchers (interobserver Tables 3 and 5) . For both methods, the percentage of intraobserver variability was lower than that of the interobserver one, with the planimetric method yielding higher variability than the ABC/2 method. Although the differences are not statistically significant, this is also an interesting finding, since the planimetric method, considered the golden-standard, showed more variability than the ABC/2. Fine automatic edge determination and more precise segmentation method could possibly alter this relationship.
Zimmerman et al 11 . compared the variability of ICH volume measurements using computer software with the determination of hematoma borders done by automatic and semiautomatic or manual segmentations. They showed minimal intra-and interobserver variations, supporting the validity of interpretations among different observers, which is similar to that found in our study 11 . The two volume evaluations performed in this study are dependent on the measurements carried out by the observers. The ABC/2 method requires determination of length, diameter, and thickness of the hematoma, while the planimetric requires demarcation of the borders of hemorrhage for volume calculation. The ABC/2 has already been validated and has the advantage of obtaining rapidly volumes. It can be performed at patient bedside, even without the use of computerized devices. The method of planimetry is more accurate in determining volume, though it needs the help of a suitable computer and software that is not always readily available. Therefore, a reliable method of automatic segmentation that can be used for more asymmetric lesions in order to improve not only the accuracy, but also velocity of results is not available.
Accurate hemorrhage volume measurements are essential for the appropriate management of patients. Development of mathematical algorithms for automatically determining volume, with a faster and more accurate acquisition of data, can lead to better evaluation of these patients.
In conclusion, our results revealed that both methods are reproducible and intraobserver variability for both methods is lower than the interobserver one. We also observed that ABC/2 method yielded hemorrhage volumes as much as 14.9% smaller than those measured using planimetric method.
The results of this careful comparison between two methods carry important clinical implications for determining surgical treatment and thus represent a valuable contribution to the field.
